Introduction
Halitosis is a general term used to define an unpleasant odor from the breath. Halitosis itself is not a serious illness but it frequently causes a very troublesome situation in interpersonal social relationship. 1, 2 It has become an important market for the pharmacological and cosmetic industries. 3 The prevalence of halitosis varies according to study populations because the perception of halitosis differs among culturally diverse population. 3 In Japan,
population-based studies have reported that the prevalence of halitosis is 6-23%. 4, 5 In other countries, even more than 50% of the study population has been estimated to have halitosis. 6 The causes of halitosis are mainly related to intraoral factors including microorganisms on the dorsal surface of tongue. [7] [8] [9] [10] [11] Volatile sulfur compounds (VSCs) including hydrogen sulfide, methyl mercaptan and dimethyl sulfide are known as the main components of halitosis, and they are usually produced by degradation of amino acids by gram negative anaerobic oral bacteria. 4, 9, 12 Non-oral factors of halitosis include pharyngotonsillar problems, problems of the gastrointestinal and respiratory system, liver cirrhosis, chronic renal failure, diabetes mellitus, even malignant disease, as well as imaginary halitosis such as pseudo-halitosis or halitophobia. 5, 13, 14 Halitosis has been considered to be associated with the gastrointestinal system. As many as 41% of German dentists have believed that halitosis is caused mostly by stomach problems. 5 Recently, gastroesophageal reflux disease (GERD) has been reported to be one of the causes of halitosis. [15] [16] [17] [18] [19] Moreover a study has reported that GERD-related symptoms were associated with halitosis, regardless of the oral conditions. 17 In contrast, some studies have reported that halitosis is not associated with erosive GERD. 20, 21 The relationship between halitosis and GERD therefore remains controversial. The diagnostic method of halitosis has not been standardized, and there is no consensus of diagnostic criteria for halitosis.
So far, the diagnosis of halitosis has been mainly dependent on subjective self-reported questionnaires developed by various researchers. [17] [18] [19] A Halimeter (RH-17K; Interscan Co., Chatsworth, CA, USA) has been introduced for diagnosis of halitosis by detecting VSCs, and is considered as an objective test for halitosis. The aim of this study was to investigate an association between GERD and halitosis diagnosed by self-reported questionnaires and VSCs measurements by the Halimeter.
M aterials and M ethods

Subjects
The study subjects were collected from the participants who had visited the Health Promotion Center at Seoul National University Bundang Hospital, Seongnam, Republic of Korea. This examination program included anthropometric measurement, a blood test, X-ray and esophagogastroduodenoscopy. Prior to the commencement of this study, all subjects were given an explanation of the study and signed informed consent forms. The subjects were requested to complete 3 types of questionnaires: (1) lifestyle habits and comorbidities, (2) halitosis questionnaire and (3) symptoms of gastroesophageal reflux. The participants who did not receive some part of health examination or did not complete a questionnaire were excluded. The participants whose values of VSCs by the Halimeter were ＞ 500 parts per billion (ppb) or ＜ 10 ppb were excluded. This study protocol was approved by the Institutional Review Board of Seoul National University Bundang Hospital (No. B-1102/122-301).
Halitosis Assessment
Halitosis questionnaire
The halitosis questionnaire was developed to assess subjective halitosis. The questionnaire includes questions about halitosis-related themes: presence of self-perceived halitosis, presence of hal-itosis perceived by others, frequency, onset and duration of halitosis, oral conditions, and oral hygiene. The questions of the questionnaire are as follows: (1) Volatile sulfur compounds measurement using Halimeter
The concentration of VSCs was measured by Halimeter (RH-17K; Interscan Co., Chatsworth, CA, USA). [22] [23] [24] [25] The measurement of VSCs was performed in the morning (from 8 AM to11 AM). All subjects refrained from any oral activity such as food intake for at least 2 hours prior to the measurement. The subjects were instructed to close their mouths for 3 minutes, breathing only through the nose before every measurement, followed by a straw connected to the Halimeter being placed at 4 cm into their mouth. The measurement was done automatically and the mean value of consecutive 3-time measures was used for analysis. 8 
Definition
Subjective halitosis was defined as 2 types of halitosis: self-conscious halitosis and informed halitosis. Subsequently, self-conscious halitosis was defined as halitosis perceived by himself or herself. Informed halitosis was defined as halitosis when he or she was told by others that he or she had a malodor from his or her mouth. Objective halitosis was defined as ＞ 100 ppb of VSCs concentration measured by the Halimeter. 9, 11, 26 GERD included non-erosive reflux disease (NERD) and erosive esophagitis with or without gastroesophageal reflux symptoms surveyed by a questionnaire. Erosive esophagitis was defined based on the endoscopic findings according to the Los Angeles classification. NERD was diagnosed when a subject responded that reflux symptoms were present at a frequency of at least once per week in the absence of erosive esophagitis. 27 The questions of the GERD questionnaire are as follows 27, 28 : (1) Have you experienced heartburn (a. soreness in the substernal area, b. a burning sensation or discomfort in the substernal area, c. sensation of salt pepper in the epigastric area or d. a burning sensation induced by water swallowing) within the past year? (2) Have you experienced acid regurgitation (a. sour water brash in the mouth or throat, b. a sense of food regurgitation) within the past year? (3) Have you experienced chest pain within the past year? (4) Have you experienced hoarseness within the past year? (5) Have you experienced a globus sensation in the throat (a. foreign body sensation in the throat, b. sticky food sensation in the epigastric area) within the past year? (6) Have you experienced a frequent cough within the past year? (7) Have you experienced epigastric soreness within the past year? The subjects who responded positively to any one of these 7 symptoms were asked to choose the most bothersome symptom. In addition, the frequency (a. 1-2 times per year, b. 1-2 times per month, c. 1-2 times per week, d. 3-4 times per week, e. daily) and severity (a. mild; b. moderate, bothersome to everyday life; c. severely disturbing work or sleeping) of the most bothersome symptom was determined. In addition, subjects were asked whether they had taken histamine type 2 (H2) receptor blocker or proton pump inhibitor (PPI) to relieve these symptoms.
Statistical Methods
The statistical analysis was performed using SPSS software (SPSS version 18.0, Chicago, IL, USA). Student's t test was used to compare means. The Chi-square test and Fisher's exact test were used to investigate relationships among factors. Multivariable analysis was performed using a logistic regression model. A value of less than P ＜ 0.05 was considered to indicate a statistically significant difference.
Results
Between July 2011 and August 2012, a total of 93 subjects who had visited the Health Promotion Center were enrolled. Of them, 34 subjects were excluded because they did not receive upper GI endoscopy, and 5 patients were excluded because they had extreme values of VSCs (＞ 500 ppb or ＜ 10 ppb). A total of 54 subjects including 33 (61.1%) male and 21 (38.9%) female were analyzed in this study, and the mean age was 46.0 ± 11.4 years ( Table 1 ). The mean values of VSCs did not differ according to the status of obesity, alcohol intake, smoking, rhinitis and sinusitis (P = 0.068, 0.923, 0.209, 0.625 and 0.623, respectively). The subjects with diabetes mellitus had higher levels of VSCs than those without diabetes mellitus (329.4 ± 205.3 ppb vs. 132.2 ± 88.5 ppb, P = 0.034). The number of subject with self-conscious halitosis was 30 (55.5%) and the number of subject with informed halitosis was 12 (22.2%). The mean VSCs value was not significantly different between presence and absence of self-conscious halitosis (P = 0.322). The presence of informed halitosis showed higher values of VSCs than the absence of informed hal- itosis (P = 0.021), and informed halitosis correlated with objective halitosis diagnosed by Halimeter (P = 0.039). GERD, erosive esophagitis and NERD were not significantly associated with objective halitosis (P = 0.556, 0.206 and 0.902, respectively).
GERD symptoms, including chest pain, heartburn, acid regurgitation, epigastric soreness, hoarseness, globus sensation and coughing, were not significantly associated with objective halitosis (Table 2) . In multivariable analysis, each of GERD symptoms was not significantly associated with objective halitosis (Table 2 ). In multivariable analysis, self-conscious halitosis was not sig- 
Discussion
This study showed that GERD was not significantly asso-ciated with self-conscious halitosis, informed halitosis and objective halitosis, respectively. In addition, individual symptoms of GERD were not associated objective halitosis. Only smoking and old age were significantly associated with self-conscious halitosis and informed halitosis, respectively. The relationship between halitosis and GERD is controversial. Several studies have reported no significant association which is consistent with our findings (Table 4 ). The results of our study seem to match up with the previous studies which did not suggest scientific evidences for the causal relationship between halitosis and GERD, 20, 21 and even inferring GERD as an extra-oral factor to play only a minor role as a potential cause for halitosis. 5, 14 However, other studies have proposed a significant relationship between halitosis and GERD (Table 4) . [16] [17] [18] [19] 29 16, 29 In these studies, the erosive reflux disease group had higher VSC values than the NERD group. However, these studies lacked a true control group, such as healthy subjects. The exact mechanism how acid reflux causes high VSCs in oral cavity in GERD patients remains unclear although GERD could be associated with halitosis. Awareness of halitosis is not always consistent with the actual presence of halitosis. In our study, self-conscious halitosis was not associated with objective halitosis, but informed halitosis was associated with objective halitosis. This phenomenon is explained by the "bad breath paradox." 8, 14, 17 Individuals with objective halitosis can be unaware of the problem, whereas others are convinced that those individuals have halitosis even when no objective evidence are found. 17, [31] [32] [33] In addition, some proportion of the latter ones may be considered to have pseudo-halitosis or halitophobia. 5, 8, 11 Our study has several limitations. First, an objective examination about intra-oral conditions such as tongue coating and the presence of periodontal disease was not performed. Quirynen et al 14 have suggested that tongue coating (43%) is the most frequent associated halitosis factor, followed by a combination of tongue coating, periodontitis and gingivitis (18.2%) and periodontal disease (11.1%) as the sole underlying factor. However, one study by Kislig et al 20 have reported that GERD is not associated with objective tongue coating, and therefore intra-oral conditions may not be a critical factor to affect the association between halitosis and GERD. Second, the sample size was relatively small. Originally, 93 subjects were enrolled, but 39 subjects were excluded unexpectedly. We tested the differences of clinical features between 93 subjects and 54 subjects. The mean age, the mean VSCs values and the prevalence of GERD symptoms were not statistically different between them, but the portion of male subjects were significantly more in 54 subjects than in 93 subjects (61.1% vs. 44.1%, P = 0.047). In our results, male gender did not have any effect on halitosis, but the interpretation should be cautious due to the difference in gender between the initial enrolled subjects (n = 93) and analyzed subjects (n = 54). Third, the intake of medicines like H2 receptor blocker and PPI were not controlled. The effect of acid suppressants on halitosis remains unclear, but it might affect halitosis if reflux of gastric acid would be associated with halitosis. The effect of H2 receptor blocker and PPI on halitosis should be investigated.
In conclusion, this study shows that GERD is not associated with halitosis diagnosed by a self-reported questionnaire and by Halimeter. These suggest that acid reflux may not affect halitosis. In addition, Halimeter correlates more with informed halitosis than self-conscious halitosis, and therefore Halimeter is a reliable diagnostic method of halitosis.
